IN this communication data are given of the occurrence of spontaneous tumours of the forestomach in the inbred strains of mice, CBA and NBT, and in the F1 and succeeding generations of their reciprocal hybrids, and of the effect of the subcutaneous administration of methylcholanthrene upon the incidence of the same types of neoplasm in these same inbred and hybrid strains.
them. Controls for the M/NBT and M/CBA groups were provided by mice of these inbred strains which were born during the period of the experiment.
In previous communications the incidences of tumours at the site of injection (Miller and Pybus, 1954a) , of lung tumours (Miller and Pybus, 1954b) and of mammary tumours (Miller and Pybus, 1954c) in this same material have been described. The experiment was begun in October, 1945 , but no stomachs were opened until December, 1946 , when a large squamous epithelioma was found in the stomach of an injected F1 animal. The stomach of every mouse dying after that date was opened and examined carefully for benign and malignant tumours. All postmortems made before that date have been excluded from the present report.
FORESTOMACH TUMOURS IN MICE
Throughout the following pages the word "tumour" without qualification refers to forestomach tumours only. Tumours were also found in the glandular part of the stomach, and will be described at a later date.
The forestomach tumours were of two main types, papillomata and gross malignant tumours. The papillomata varied in size from the smallest visible sessile or pedunculated nodule to quite large sessile or pendunculated arborescent masses half-filling the forestomach, and in number from solitary tumours to 7 or more in one stomach. Sections were cut of many of those found early in the experiment and, while the majority proved to be benign, a number showed early malignancy in the downgrowth of the epithelial cells through the muscularis mucosae. As it became impossible to examine microscopically every papilloma no attempt has been made to classify them as malignant or benign.
In addition to these papillomata there occurred a few grossly malignant tumours, the largest of which formed large solid masses in the abdomen. These were sectioned; and while some were pure squamous epitheliomata, others were pure spindle-celled tumours and still others were found to consist of a mixture of both.
Lateral invasion of the glandular area was seen, so that sometimes the main tumour mass appeared to be in the pyloric end. Extensive infiltration and metastases were sometimes found throughout the peritoneum and chest; in one case there was invasion of a lymph node on the oesophagus.
Adequate descriptions and illustrations of benign and malignant forestomach tumours in mice, with which the present instances are in complete agreement, have been given by Stewart (1941) , Collins, Gardner and Strong (1943) , Stewart and Lorenz (1949) , Bagshaw and Strong (1950) , and Peacock, Beck and Chalmers (1953) . No sarcomata of the forestomach were seen in their feeding experiments by Stewart and Lorenz (1949) , but were obtained after remote injection by Bagshaw and Strong (1950) , who doubted the sarcomatous nature of the tumours, and by direct injection by Firminger and Stewart (1951) .
Since forestomach tumours, in common with tumours of the lungs and of other internal organs, were found only at autopsy, and since papillomata appeared to be of very slow growth, the age at which they developed cannot be stated, and "tumour age" became synonymous with the age at death. Thus "tumour age" will seem to be earlier in shorter-lived strains like the NBT than in those of longer life like the CBA, and earlier in males than in females if the former died at an earlier age than the latter. "Age at death" probably approximates most closely to "tumour age "in the injected mice, where more mice were dying in the earlier age groups, but the spontaneous type is essentially a tumour of middle and old age.
The following tumour incidences are based on the effective numbers of mice forming each group, i.e. the number living to the age of discovery of the earliest tumour in that group.
RESULTS.
A. Pure Straim. 1. Spontaneous tumours.
As in other respects, so the NBT and CBA strains differed in the incidence of spontaneous forestomach tumours, all of which were papillomata. males in 214 had these tumours; as the males died 2 months earlier than the females, the sex-difference in tumour incidence, which was significant,l* could be due to the shorter life of the males. Non-tumorous mice of both sexes died on an average 2 months earlier than tumorous mice; the percentage tumour incidences of 11-7 (females) and 3.3 (males) may not therefore be a complete expression of the strain susceptibility. In the CBA strain only 4 tumorous mice, all females, were seen. Nontumorous males and females lived as long as, or longer than, the tumorous. The CBA strain therefore had a much lower degree of susceptibility than the NBT, the difference being significant,2 and tumours were found much later than in the NBT.
2. Induced tumours.
Tumours were found in the M/NBT group in 17 of the 22 females living to 10 months and over, autopsied after December, 1946. Only 6 males fulfilled these requirements and none had tumours, possibly because none lived longer than one year. The non-tumorous females lived to about the same age as the tumorous. One tumour was a large spindle-celled sarcoma, the remainder were papillomata. The difference in tumour incidence between the sexes was significant,3 as was the increase in incidence in the injected females compared with the controls,4 in spite of the earlier deaths of the former. The control males had a significantly higher incidence5 than the injected males (3.3 per cent compared with nil), but some of the former lived to a maximum of 22 months, whereas the maximum for the latter was 12-5 months (Table I ).
The numbers of M/CBA mice surviving to tumour age (18 months) and autopsied after December 1946 were very small. All 4 females but only one of the 7 * For 1 and following numbers see Appendix. 144 t males had tumours, a significant difference6 and possibly a real one, since all the non-tumour males lived beyond tumour age. Two females had large epitheliomata of the forestomach, the remaining tumours being papillomata. The tumour incidence was significantly higher in the injected females (100 per cent) than in the controls,7 but in the injected males (14.3 per cent) the increase was not significant owing to the small numbers involved.
3. Uninjected M/NBT F1 and M/CBA F1.
These mice were the generation raised from inbreeding the injected pure strain animals. As in the pure strain controls, all the tumours were papillomata.
In M/NBT F1 twice as many females as males were tumorous, a significant difference,8 but one which could again be explained by the earlier deaths of the males. Although the non-tumorous males lived about as long as the tumour males, they died 2.6 months earlier than the non-tumorous females (Table I) .
Compared with the control NBT group, the F1 tumour incidences of 29.4 per cent (females) and 15.2 per cent (males) were significantly higher.9 This supports the earlier statement that the control tumour incidences might have been higher if the mice had lived longer, for the M/NBT F1 non-tumour females lived on the average nearly as long as the F, tumour females and 2 months longer than the control NBT non-tumour females, thus giving greater opportunity for a true expression of the strain susceptibility. The F1 non-tumour males also lived longer than the control non-tumour males, by 1.6 months.
Comparing the tumour incidences in the F1 and the M/NBT groups, the incidence in the F1 females was significantly less'0 although the F1 females lived much longer; the incidence in the F1 males should be compared not with that in the injected males (which were very few in number and died young) but with that in the injected females; these lived to the same age, yet the F1 male tumour incidence was very much less.
In the M/CBA F1 group, although there were fewer tumours in the males (again due to their earlier deaths), the difference in tumour incidence between the sexes was not significant and the incidences were also in agreement with those of the CBA controls, males and females. Compared with the injected M/CBA group, the F1 females had a significantly lower tumour incidence,' but the incidence in the males, although less in F1, was not significantly so on account of the small number of M/CBA males.
Since the apparent sex differences in tumour incidence were most probably due to different survival times, the average incidences for both sexes combined in each group were compared and the following results obtained. Tumour incidences in the NBT and uninjected M/NBT F1 groups were higher than in the CBA and uninjected M/CBA F1 groups, but in the injected mice of both strains they were the same, the carcinogen having obliterated the strain difference. Tumours were much more frequent in the two injected groups than in the controls and malignant tumours were found after injection but not in the controls. The uninjected descendants of each M/NBT and M/CBA group had lower incidences than their injected parents, but, whereas M/CBA F1 had the same incidence as the CBA controls, the tumour incidence in M/NBT F1 was higher than that in the NBT controls because the F, mice lived longer. nodules each, one mouse having 3 and another so many that they were not counted. This increase is statistically significant.2 There were as many tumour mice with multiple papillomata in the M/NBT F1 group as in the injected group, the maximum number counted in one mouse being 6, while another had so many that they were recorded simply as "multiple ". Although the F1 mice were the longestlived, this does not seem to be sufficient explanation of this result. CBA strain-In the various CBA and M/CBA groups all the recorded occurrences were of solitary nodules. This is a further proof of the greater susceptibility of the NBT strain towards the formation of forestomach papillomata.
B. Hybrid Strains-First Two Generations. 1. Spontaneous tumours in F1 and F2.
In these two generations the numbers of mice available for analysis were considerably reduced by the necessity of omitting all dying before December 1946. Data for the incidence of forestomach tumours are given in Table III .
In each of the four groups, NC Fl, NC F2, CN F1 and CN F2, the tumour incidences in the two sexes were in agreement. Where they appeared to differ widely, as in NC F1 and CN F1, the numbers were small, the males died 4 or 5 months earlier than the females, but the differences were not statistically significant.
Where the males lived as long as the females, as in NC F2 and CN F2, the incidence in the males was slightly higher than in the females, but not significantly so. In all four groups the non-tumour mice lived as long as the tumour mice and the average age at death was about 2 years. Comparing the various groups the tum- Age at death (months).
Range.
Average. The tumour incidences in NC F1 and CN Fl were compared with those of NBT and also of M/NBT F1, the latter on the assumption that it more truly represented the pure strain incidence owing to longer life. In none of the cases were the differences significant. The incidence in the F1 hybrids was, therefore, that of the parent NBT strain-there was no sex-difference and no difference according to the direction of the cross.
16-5-
As the mice of the early hybrid generations were long-lived, their tumours were found much later than those in the NBT mice and in this respect they resembled the other parent strain, the CBA. Although the tumours were of slow growth and could therefore have been present for a long time before death, yet mice dying in the younger age-groups were tumour-free, and it is believed that tumour development actually took place much later in the hybrids, being a function of the normal length of life of the mice.
With the exception of one gross epithelioma in an NC F1 female and one in an NC F2 male, the spontaneous tumours in the four groups were all papillomata.
2. Induced tumours in F1 and F2.
Data for tumour incidence in these generations of injected mice are given in Table III . The incidences were all much higher in the injected groups than in the controls. There was no sex-difference in tumour incidence in MNC F1, but in the other three groups the incidences were significantly less in the males than in the females.3 In MCN F1 and MCN F2 the non-tumour males died on the average several months earlier than the females, and in MNC F2 the nontumour mice of both sexes died at a very early average age.
Comparing MNC F1 with MNC F2 and MCN F1 with MCN F2, the drop in tumour incidence in the F2 mice was significant in both cases,l4 and could be explained by the fact that the average age at death of injected F2 mice was from 3 to nearly 5 months earlier than that of injected F1 mice. There was no corresponding significant decline in the tumour incidence in the control F2 mice, in which the decrease in the average age at death from F1 to F2 was much less.
Tumour incidences in MNC F1 and MCN F1 were in agreement, but the incidence of 23.6 per cent in MNC F2 was significantly lower than that of 35.1 per cent in MCN F2. Separate analysis showed that the difference lay in the females,', the incidences in the males being in agreement. The non-tumorous MNC F2 females died 4 months earlier than the non-tumorous MCN F2 females and also 4 months earlier than the tumorous MNC F2 females; the tumour susceptibility of the MNC F2 females was therefore probably not fully expressed.
Comparisons were made between the tumour incidences in the injected F1 and F2 hybrids and in the corresponding groups of controls. In every case the incidence in the injected mice was significantly higher.16 As shown in Table III , tumours were found in injected mice from 7-5 to 8.5 months earlier than in the controls.
While the majority of tumours were papillomata, some of which showed signs of early malignancy, a number of large malignant growths were found in the injected mice (Table II) As shown in Table II , the number of tumour mice bearing multiple papillomata was much lower in the control hybrids than in the injected hybrids. Widely though the percentages with multiple nodules vary between NC F1 and F2 and CN F1 and F2, none of the differences is significant and the percentages do not differ significantly from the proportion of NBT tumour mice bearing multiple papillomata. One NC F1 mouse had 3 nodules, one in NC F2 had so many that they were not counted, and another in F2 had 3 nodules.
The contrast in the injected hybrids was striking. Except in MNC F2, the percentage of tumour mice bearing 2 or more nodules was over 50 per cent in each group. The maximum number counted in one stomach was 7, but many were recorded as "multiple". In spite of quite wide fluctuations, the proportions with multiple nodules agreed amongst themselves in the different groups of injected hybrids (the difference being always less than twice the standard error) and all were significantly greater than in the corresponding control groups17 (the difference being always greater than twice the standard error).
As stated in a previous communication (Miller and Pybus, 1954b) , there was a possibility that some mice of the control F1 groups (NC F1 and CN F1) might have become contaminated with methylcholanthrene either by contact with, or by licking injected mice of the same litters kept in the same boxes; the lung tumour incidences in these two groups were as high as in the injected F1 mice. From the present data there is no positive evidence either from actual tumour incidence or from the percentages with multiple papillomata that such contamination, if it occurred, was sufficient to cause an increased incidence of forestomach tumours. The only possible evidence was, first, the case of the NC F1 mouse bearing 3 papillomata (but one NC F2 mouse had 3, and another "multiple ", nodules and there was no possibility that any control F2 animal had come in contact with the carcinogen) and, second, the finding of a large malignant epithelioma in an NC F1 mouse (but again an F2 animal was found to have a large malignant epithelioma, presumably spontaneous).
c. Hybrid Strains-All Generations.
Spontaneous tumours, NC and CN groups.
The data for spontaneous tumours in each generation of the NC and CN groups are given in Table IV, the figures for F1 and F2 being repeated from Table  III for convenience of comparison. Comparing the same sexes, the total incidences for the 12 generations of 10.6 per cent for NC females and 8.5 per cent for CN females were in statistical agreement, as were the incidences of 5.5 per cent in both male groups.
In the NC group, although the incidences in the two sexes differed greatly in most generations, none of the differences was significant, but the totals of 10.6 per cent in females and 5*5 per cent in males in the 12 generations did differ significantly18 (difference-5.1, twice standard error -3.3). In the CN group, the sex-differences in F9 and Fu1 only were significant'9 (in F9, difference 10.0, twice standard error = 9*5; in Fl1, difference = 7.1, twice standard error = 6.9), Age at death (months).
Age at death (months).
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Range. Average. and the difference between the totals for the 12 generations of 8-5 per cent in females and 5.5 per cent in males was barely significant (difference = 3-0, twice standard error = 2.99). In both groups the males died several months earlier than the females, and this is believed to account for the difference in tumour incidences in the two sexes.
In the later generations of both groups there was a tendency towards earlier death in both sexes and this is reflected in the trend towards lower tumour incidences in later generations, this trend being noticeable in spite of the wide fluctuations from generation to generation. While there might be a genetical basis for the diminishing incidences, it was not possible to discern this in the case of a tumour essentially of old age and with such a low incidence in younger mice that often there was only a solitary occurrence, or even none, in a small generation in which many mice died young.
Spontaneous gross malignant tumours were rare, none being seen in the CN group, and (in addition to those mentioned earlier) only 1 in an NC F3 female and 2 in NC F8 females, all squamous epitheliomata, giving a total in NC of 4 gross tumours in females and 1 in a male.
Multiple papillomata. All the other spontaneous tumours in these groups were papillomata, the great majority being solitary. In NC (F3 to F12) only 2 out of 5 F3 tumour males and 1 out of 7 F8 tumour females each had 2 papillomata; including F1 and F2 (Table II) this gave a total of 6 cases of multiple nodules in 58 tumour females (10-4 per cent) and 2 in 28 tumour males (7.1 per cent). This difference was not significant. In the control CN mice (F3 to F12) 1 F4 female had 2 papillomata, the remainder being solitary. With F1 and F2 (Table II) Tumour incidences were significantly higher in the MNC and MCN hybrids than in the control NC and CN groups,22 by as much as two to three times, and tumours were found much earlier in the injected groups-by about 8 months.
Multiple papillomata.- Table VI Range. Average.
14-0-26-0 18-8 . (Table IV) .
The ages at death of the tumorous and non-tumorous uninjected MNC mice were also comparable with the control values.
The uninjected MCN mice died young and the tumour incidences (1.9 per cent in females and 1-5 per cent in males) were low. The sex-differences were nowhere significant. The tumour incidences were significantly less than those in the uninjected MNC mice, and also significantly less than those in the CN controls.24
There was no evidence that the increased incidence and earlier appearance of forestomach tumours in the injected mice were characteristics continued in their uninjected descendants. Especially in F12 of the uninjected MNC hybrids, a very large generation and one that was preceded by 10 generations of injected mice and one of uninjected, the tumour incidences of 10-8 per cent in the females and 5.0 per cent in the males were in agreement with the total incidences of 10.6 per cent and 5.5 per cent respectively in the NC controls.
Multiple papillomata.- Table VIII Of the few tumorous mice in the uninjected MCN group none had multiple papillomata, but 2 malignant epitheliomata, both rather small, were found in F5.
D. Malignant Tumours. Bagshaw and Strong (1950) found that malignant epidermoid carcinomata of the forestomach appeared earlier than benign papillomata. The ages at death of all mice in the present experiment bearing malignant forestomach tumours 
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14-0\ 9.9 Tables I, IV, V and VII. With a few exceptions, the ages of discovery of spontaneous and induced malignant gross tumours were slightly greater than the corresponding average ages for all tumours. It must again be pointed out that " tumour age " in the present experiment was the age at which the tumour was discovered, that a tumour might have been present in the animal for some time before death, and that a gross malignant tumour could be the cause of death. Stewart and Lorenz (1949) make a sharp distinction between benign papillomata and gross carcinomata, stating that the former do not necessarily lead to the latter; and in the present material there were instances where both types were present in the same stomach.
DISCUSSION.
Very few references have been -found in the literature to the presence of spontaneous benign papillomata of the forestomach in mice. Stewart and Andervont (1938) quote Bonne (1927) females, because the males tended to die sooner; where they lived as long as the females the tumour-incidence was the same in both sexes. It is therefore believed that this tumour-incidence shows no real sex-difference, but because of the apparent sex-difference it has been thought more accurate to give the incidences in the two sexes separately and, in comparing two groups of mice, to compare females with females and males with males. Although spontaneous malignant tumours of the forestomach were not seen in the two parent strains they have been known to occur occasionally in mice (Slye, Holmes and Wells, 1917; Wells, Slye and Holmes, 1938; Collins, Gardner and Strong, 1943; Jackson Memorial Laboratory, 1941) . A few were found in the hybrids in the present experiment in mice which at no time had been, or could have been, exposed to methylcholanthrene (unless, as Beck (1952) suggested for benzpyrene, there had been some slight contamination of boxes with the carcinogen from previous occupants which had been injected); malignant tumours found in the F1 mice must of course be suspect.
In spite of the rarity of the spontaneous gastric neoplasm, benign and malignant forestomach tumours have been produced experimentally in mice since 1927. Historical surveys of experimentally induced gastric tumours, up to 1940, have been given by Stewart (1940) and by Klein and Palmer (1941) . Since then, Stewart (1940, 1948) , Stewart (1941) and Stewart and Lorenz (1942, 1949) have published several reports on the induction of forestomach tumours by oral administration of carcinogens as well as by direct injection (the method by which they produced the first experimentally-induced glandular gastric carcinoma). Collins, Gardner and Strong (1943) Although Gardner (1941) and Collins, Gardner and Strong (1943) believed that the tumours developed in those mice receiving the carcinogen by the vaginal route because the mice licked themselves and each other, thus swallowing some of the carcinogen which had oozed out, they obtained fewer tumours in this way than by direct oral administration; and Bagshaw and Strong (1950) did not think that the small amount obtained by licking could account for the tumours produced in their experiment.
It has already been shown (Miller and Pybus, 1954b ) that the control F1 mice in the present experiment apparently obtained enough methylcholanthrene by licking their injected litter-mates to increase the lung tumour incidence to that in injected mice. Evidently the quantity of carcinogen thus received was not sufficient to raise the incidence of forestomach papillomata in the control F1 mice above normal. The stomach tumour incidence in the injected mice was very much greater than that in the controls and the tumours appeared many months earlier, while, in addition to the increased proportion of tumorous mice, the number of papillomata per stomach was also greatly increased, and epidermoid carcinomata as well as sarcomata and mixed tumours were present in much greater numbers. There can be no doubt that the increase was due to the methylcholanthrene, but the effect in the present material did not persist in the uninjected descendants of the injected mice; these uninjected mice had a tumour incidence similar to that of the controls, even when they were descended from 10 generations of injected animals. 
